Childhood adversity is associated with exaggerated threat processing and earlier alcohol use initiation. Conclusive links remain elusive, as childhood adversity typically co-occurs with detrimental socioeconomic factors, and its impact is likely moderated by biological sex. To unravel the complex relationships among childhood adversity, sex, threat estimation, and alcohol use initiation, we exposed female and male Long-Evans rats to early adolescent adversity (EAA). In adulthood, Ͼ50 days following the last adverse experience, threat estimation was assessed using a novel fear discrimination procedure in which cues predict a unique probability of footshock: danger (p ϭ 1.00), uncertainty (p ϭ .25), and safety (p ϭ .00). Alcohol use initiation was assessed using voluntary access to 20% ethanol, Ͼ90 days following the last adverse experience. During development, EAA slowed body weight gain in both females and males. In adulthood, EAA selectively inflated female threat estimation, exaggerating fear to uncertainty and safety, but promoted alcohol use initiation across sexes. Meaningful relationships between threat estimation and alcohol use initiation were not observed, underscoring the independent effects of EAA. Results isolate the contribution of EAA to adult threat estimation, alcohol use initiation, and reveal moderation by biological sex.
Biological sex is likely an important factor moderating the relationship between EAA and inflated threat estimation. Females experiencing EAA are more likely than males to develop posttraumatic stress disorder (PTSD) and anxiety symptoms (Giannopoulou et al., 2006; Tolin & Foa, 2006; Udwin, Boyle, Yule, Bolton, & O'Ryan, 2000) , and PTSD itself is characterized by inflated threat estimation (American Psychiatric Association, 2013) . Within a PTSD patient population, females show increased skin conductance during fear conditioning compared to males (Inslicht et al., 2013) . However, the contribution of biological sex to adult threat estimation, and its possible interaction with EAA, has not been examined. Sex may also moderate the relationship between EAA and alcohol use initiation, but the few studies examining both sexes do not report robust differences (Dube et al., 2006; Hamburger et al., 2008) . Therefore, it is unclear whether EAA promotes initiation of alcohol use independent of sex or if the relationship has yet to be thoroughly investigated.
Unsurprisingly, there is substantial variability in the timing, amount, type, and severity of EAA experience in humans (Agorastos et al., 2014; Breslau, Chilcoat, Kessler, & Davis, 1999; Huang, Schwandt, Ramchandani, George, & Heilig, 2012) . EAA also often co-occurs with confounding socioeconomic factors (Evans, 2004; Patwardhan, Hurley, Thompson, Mason, & Ringle, 2017) , making it difficult to isolate the impact of EAA alone. Here we sought to uncover the role of biological sex in moderating the specific relationships between childhood/early adolescent stress, threat estimation, and alcohol use initiation in rodents. Female and male pups were birthed in the laboratory, weaned, and received a battery of discrete stress experiences, ending just before puberty, thus confining EAA to childhood/early adolescence. In adulthood, Ͼ50 days following the last adverse event, threat estimation was assessed using a within-subjects fear discrimination procedure consisting of danger, uncertainty, and safety cues. Alcohol use initiation, and maintenance of alcohol drinking, was then assessed via voluntary, intermittent access to 20% ethanol. The full design allowed us to determine the role of biological sex in moderating the relationship between EAA, threat estimation, and alcohol use initiation.
Method Subjects
Subjects were 29 female and 27 male Long-Evans rats born in the laboratory. Six Long-Evans dams (Charles River Laboratories) arrived at the laboratory on embryonic Day 14. Female and male pups were born in the Boston College Animal Care Facility, housed with mothers until postnatal day (P) 21, when they were weaned, then singly housed for the remainder of testing. All rats were maintained on a 12-hr light-dark cycle (lights on 0600 -1800) and received food and water ad libitum. Rats were weighed three times per week starting on P26 until P72 to track physical development. Starting on P72, rats were maintained at 85% of their free-feeding body weight for the duration of fear discrimination. All protocols were approved by the Boston College Animal Care and Use Committee, and all experiments were carried out in accordance with the NIH guidelines regarding the care and use of rats for experimental procedures.
Early Adolescent Adversity
From postnatal days 26 -35, EAA rats (n ϭ 14 females; n ϭ 14 males) received twice daily adverse experiences, while nonexposed rats served as controls (n ϭ 15 females; n ϭ 13 males). Each EAA rat experienced 4 adverse experiences, 5 times each, for a total of 20 events (see Figure 1 ). Each day, the first adverse experience began at ϳ9:00 a.m., and the second began at ϳ3:00 p.m. Adverse experiences included forced cold water swim, tail pinch, cat hair exposure, and restraint stress. Control and EAA rats were housed in separate rooms during the adversity procedures. Previous research has shown that male, but not female, experimenters induce additional stress, and a t-shirt worn by a male has the same effect as a male present in the room (Sorge et al., 2014) . Therefore, during each adverse experience, a machine-washed t-shirt that had been slept in overnight by a male experimenter was present in the room in order to control for experimenter sex. A female experimenter was always present during adversity procedures. Two weeks after the conclusion of adversity, EAA rats were moved into the colony room with the control rats for the remainder of the experiment.
Forced swim. EAA rats were placed in a clear 10-L plastic cylinder filled with 10°C water for 5 min. The cylinder was filled such that the rats were unable to touch the bottom or reach the top. Upon the conclusion of the 5 min, rats were immediately removed from the water and thoroughly dried with a towel before placement back in the home cage.
Tail pinch. EAA rats were placed in an empty, clear plastic mouse cage with a microisolator lid. A half-inch binder clip was placed on the base of the tail for 5 min. Upon the conclusion of 5 min, the binder clip was immediately removed, and each rat was placed back in the home cage.
Cat hair exposure. EAA rats were placed in an empty, clear plastic mouse cage with a wire top and microisolator lid. A ball of cat hair was suspended via a hair net secured to the wire top of the cage. The cat hair was obtained from three cats that were certified disease-free by a veterinarian. Rats were placed in the cage with cat hair for 5 min then immediately placed back in the home cage.
Restraint. EAA rats were placed in a clear plastic restraint tube (2" diameter flat bottom restrainers, Braintree Scientific, Braintree, MA) for 30 min. Upon the conclusion of 30 min, rats were immediately removed from the tube, and each rat was placed back in the home cage.
Operant and Pavlovian Procedures
Apparatus. The apparatus for operant and Pavlovian conditioning consisted of eight individual sound-attenuated enclosures that each housed a behavior chamber with aluminum front and back walls, clear acrylic sides and top, and a metal grid floor. Each grid floor bar was electrically connected to an aversive shock generator (Med Associates, St. Albans, VT). A single food cup and central nose poke opening equipped with infrared photocells were present on one wall. Auditory stimuli were presented through two speakers mounted on the ceiling of each enclosure.
Nose poke acquisition. All rats were first provided pellets (Bio-Serv, Flemington, NJ) for two days in the home cage. Rats were then shaped to nose poke for these pellets using operant procedures in the experimental chamber. During the first session, the nose poke port was removed, and rats were issued one pellet every 60 seconds for 30 min. In the next session, the port was reinserted, and poking was reinforced on a fixed ratio 1 schedule in which one nose poke yielded one pellet until they reached ϳ50 nose pokes. Nose poking was then reinforced on a variable interval 30-s (VI-30) schedule for one session, then a VI-60 schedule for the next four sessions. The VI-60 reinforcement schedule was utilized during subsequent fear discrimination and was completely independent of auditory cue or footshock presentation.
Pre-exposure. In two separate sessions, each rat was preexposed to the three auditory cues to be used in fear discrimination. Auditory cues were 10-s in duration and consisted of repeating motifs of a broadband click, phaser, or trumpet. Previous studies have found these stimuli to be equally salient, yet highly discriminable (Berg, Schoenbaum, & McDannald, 2014; DiLeo, Wright, & McDannald, 2016; Wright, DiLeo, & McDannald, 2015) . Stimuli can be heard or downloaded here: http://mcdannaldlab .org/resources/ardbark. The 42-min pre-exposure sessions consisted of four presentations of each cue (12 total presentations) with a mean intertrial interval (ITI) of 3.5 min and at least 5 min of initial habituation. The order of trial type presentation was randomly determined by the behavioral program and differed for each rat during each session.
Fear discrimination. For the next 16 sessions, all rats underwent Pavlovian fear discrimination. Each of the 16, 54-min sessions consisted of 16 trials, with at least 5 min of initial habituation and a mean ITI of 3.5 min. Each auditory cue was associated with a unique probability of footshock (0.5 mA, 0.5-s): danger, p(shock) ϭ 1.00; uncertainty, p(shock) ϭ 0.25; and safety, This document is copyrighted by the American Psychological Association or one of its allied publishers.
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p(shock) ϭ 0.00. For shock trials, the footshock was administered 1-s following the termination of the auditory cue. A single session consisted of 4 danger, 2 uncertainty-shock, 6 uncertainty-noshock, and 4 safety trials. The order of trial presentation was randomly determined by the behavioral program and differed for each rat during every session. The auditory cues were counterbalanced within each group. This experimental design allowed for robust within-subject analysis of threat estimation. Extinction. Six extinction sessions were given, one session per day, following the final discrimination session. The composition of these sessions was the same as pre-exposure. Each 42-min session consisted of four presentations of each cue (12 total presentations) with a mean ITI of 3.5 min and at least 5 min of initial habituation. The order of trial presentation was randomly determined by the behavioral program and differed for each rat during every session.
Voluntary Alcohol Drinking
Voluntary, intermittent alcohol access took place in the rat's home cage. Solutions were provided via 50-mL centrifuge tubes with rubber stoppers and ball-bearing sipper tubes (Doremus, Brunell, Rajendran, & Spear, 2005) . Bottles were fixed to the wire top of the home cage with a large binder clip. Half of the rats underwent early adolescent adversity (EAA) from P26 to P35. EAA consisted of morning (AM) and afternoon (PM) exposures to one of four stressors: tail pinch (TP; green), restraint stress (RS; black), forced cold water swim (FS; dark blue), or cat hair exposure (CH; brown). The exact order of stressor presentation is shown. In adulthood, rats underwent Pavlovian fear discrimination, with nose poke shaping beginning on P70 and the first conditioning session using shocks beginning on P85. Ten days following the conclusion of fear discrimination, rats were given voluntary access to 20% alcohol over 8 separate 24-hour drinking sessions. (B) Rats were first trained to nose poke for pellets. Over two sessions, rats were then pre-exposed to the three auditory cues later used in discrimination. There were sixteen sessions of fear discrimination, during which each of the three cues signaled a different probability of foot shock: danger p ϭ 1.00 (red/medium grey), uncertainty p ϭ 0.25 (purple/dark grey), and safety p ϭ 0.00 (blue/light grey). Six sessions of extinction, during which no foot shocks were received, immediately followed fear discrimination. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Ten days following the final extinction session, rats were given voluntary, intermittent access to alcohol as previously described (DiLeo, Wright, Mangone, & McDannald, 2015; DiLeo et al., 2016 ; adapted from Simms et al., 2008) . At 9:00 a.m. on Sundays, Tuesdays, and Thursdays, experimental bottles containing 20% alcohol were placed on the home cage. At all times, the rat's normal food and water remained freely available. Experimental bottles were removed after 24 hours: at 9:00 a.m. on Mondays, Wednesdays, and Fridays. Rats received 8 total 24-hr exposures to alcohol following this schedule. Bottle weights were measured before and after home cage access to solutions. Body weight was recorded following bottle removal on Mondays, Wednesdays, and Fridays. Alcohol consumption is reported in drinking by body weight (grams/kilogram/24hrs).
Statistical Analyses
Body weights were analyzed for group differences using analysis of variance (ANOVA). The timestamp for all nose pokes, cue onsets, and shock onsets were automatically collected and output by the Med Associates Med-PC IV (St. Albans, VT) behavioral system. Raw data were processed in Matlab to extract nose poke rates during two periods: (1) baseline: the 20-s prior to cue onset and (2) each 10-s cue. Nose poke rates are reported in pokes/min. A suppression ratio was calculated as follows: [(baseline Ϫ cue)/ (baseline ϩ cue)]. Thus, a ratio of "1" indicated complete suppression of nose poking during the cue relative to baseline, while a ratio of "0" indicated no suppression of nose poking (Pickens, Golden, Adams-Deutsch, Nair, & Shaham, 2009 ). Baseline nose pokes and suppression ratios were then analyzed using repeated measures ANOVA or Analysis of Covariance (ANCOVA). Post hoc comparisons were made with two-tailed t tests. The AndersonDarling test adjusted for ties was used to assess normality, and the Mann-Whitney U was used to assess whether the distributions of alcohol drinking between Control and EAA or female and male populations were equal. All data were analyzed with Matlab and SPSS.
Results

Early Adolescent Adversity and Body Weight
Experimental procedures are outlined in Figure 1 . Pregnant female rats (n ϭ 6) arrived in lab on gestational Day 14 and birthed a total of 56 pups (29 female and 27 male). Pups were weaned and single-housed on P21. From P26 to P35, EAA rats (n ϭ 14 females; n ϭ 14 males) received twice daily adverse experiences (a.m. and p.m.), while nonexposed rats served as Controls (n ϭ 15 females; n ϭ 13 males). Rats are prepubertal during this period, roughly corresponding to childhood/early adolescence in humans. Adversity consisted of forced cold swim, tail pinch, restraint, and cat hair exposure. Event order was unpredictable ( Figure 1A ), and adverse experiences were discrete, lasting a maximum of 30 min (restraint). Critically, none of the adverse experiences were footshock, which was used to assess threat estimation in adulthood ( Figure 1B ). The use of multiple experience types in an unpredictable order was designed for maximal relevance to adolescents experiencing multiple types of adversity and at greatest risk for negative health outcomes in adulthood (Agorastos et al., 2014; Huang et al., 2012; Xie et al., 2012) .
At experiment onset (P26), body weight did not differ by sex or group (Control vs. EAA). During EAA, and continuing after, females and males experiencing adversity gained weight slower than their Control counterparts (Figure 2A ). These descriptions were supported by ANOVA [repeated measures: day (21); be- Mean Ϯ SEM body weight (g) is shown for postnatal day (P) 26 through P72. Females exposed to early adolescent adversity (EAA; grey circles) had significantly lower body weight compared to their Control counterparts (black circles), starting during EAA (P31-P35) and continuing into adolescence (P38 -P47). EAA males (grey squares) also had significantly lower body weight compared to Control males (black squares), starting during EAA and continuing through adolescence (P28 -P49). # ϭ Significant difference between EAA and Control females (two-tailed t test, p Ͻ 0.05). ‫ء‬ ϭ Significant difference between EAA and Control males (two-tailed t test, p Ͻ 0.05), and a main effect of sex throughout this period (repeated measures ANOVA, p Ͻ 0.05). (B) Mean Ϯ SEM baseline nose poke rate (pokes/minute) is shown for pre-exposure (p), the sixteen sessions of fear discrimination (1-16), and the six sessions of extinction (e). Males had significantly higher baseline nose poke rates compared to females, but there was no effect of EAA.
‫ء‬ ϭ Main effect of sex (repeated measures ANOVA, p Ͻ 0.05). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Baseline Nose Poking
All rats were allowed to mature uninterrupted until adulthood (P70), after which time all fear and alcohol testing took place. Rats were moderately food restricted throughout fear testing. The important features of the experimental chamber for fear testing were a central port, food cup, grid floor for footshock delivery, and ceiling mounted speakers. In the experimental chamber, rats were shaped to nose poke in the center port in order to receive pellets from the food cup below. Nose poking was maintained on a variable interval 60-s schedule throughout fear testing. Suppression of nose poking was used to measure fear and was calculated as a ratio of the nose poke rate during the baseline period, 20-s prior to cue onset, and the nose poke rate during the 10-s cue: [(baseline poke rate Ϫ cue poke rate)/(baseline poke rate ϩ cue poke rate)]. A ratio of "1" indicated complete suppression of nose poking during the cue relative to baseline and high fear. A ratio of "0" indicated no suppression of nose poking and no fear (DiLeo et al., 2016; Pickens et al., 2009; Wright et al., 2015) . Gradations between "1" and "0" indicated intermediate fear levels. Importantly, the schedules for cue/shock presentation and nose poking were completely independent.
Females nose poked at lower rates than males, but Control and EAA rats poked at equivalent levels throughout fear testing (Figure 2B) Because nose poke rate differed by sex, suppression ratio data were analyzed with analysis of covariance (ANCOVA) using baseline nose poke rate as the covariate. ANCOVA allowed us to account for, and assess, the contribution of baseline nose poking to suppression ratios.
Pre-exposure
Rats were pre-exposed to the three auditory cues to be used in fear discrimination. This was to ensure that the cues did not intrinsically suppress nose poking. As expected, rats showed low nose poke suppression (low fear) to the three cues during preexposure (see Figure 3) 
Fear Discrimination
Central to the current study was an assessment of threat estimation in individual rats. To achieve this, we utilized a withinsubjects fear discrimination procedure in which three auditory cues were each associated with a unique probability of 0.5 mA, 0.5-s footshock (danger p ϭ 1.00, uncertainty p ϭ .25, and safety p ϭ .00). Combined with our measure of fear (nose poke suppression), this provided a sensitive and robust assessment of differential threat estimation in each individual. Fear discrimination was apparent across the groups. Early in discrimination, suppression ratios were low, then increased and were high to all cues. As discrimination progressed, the appropriate pattern of relative fear emerged: danger Ͼ uncertainty Ͼ safety (see Figure 3) . Observing appropriate, relative fear to each cue demonstrates the effectiveness of this paradigm as a means of assessing threat estimation.
Fear discrimination differed by group and sex. In support, ANCOVA for suppression ratios [repeated measures: session (16) 
Fear Discrimination by Sex
Control and EAA females initially acquired similar levels of fear to each cue, but as discrimination continued, EAA females consistently exaggerated fear to the uncertainty and safety cues ( Figure 3A & B) . This is demonstrative of inflated threat estimation. These results were supported by ANCOVA [repeated measures: session (16) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
cue was averaged over the final eight sessions ( Figure 4A ). EAA females showed higher suppression ratios to uncertainty [t (27) Figure 4A , circles). Thus, EAA inflation of threat estimation was evident even when females were analyzed in isolation. Control and EAA males showed equivalent patterns of fear to each cue throughout discrimination ( Figure 3C & D Figure 4B ). EAA alteration of threat estimation could not be detected when males were analyzed in isolation.
Fear Extinction
Following fear discrimination, rats received 6 extinction sessions, during which shocks were omitted. Exaggerated fear in EAA females persisted into extinction, with EAA females showing higher levels of fear to danger and uncertainty compared to their Control counterparts (supplemental Figure 1) 
Voluntary Alcohol Drinking
Upon the conclusion of fear testing, rats were given ad libitum access to food for the remainder of the testing. Ten days following the final extinction session, Ͼ90 days following the last adverse experience, rats received 8 sessions of intermittent (Monday, Wednesday, Friday), 24-hr access to alcohol in their home cages. Consumption was completely voluntary, as water was also available ad libitum. Previous reports have found voluntary alcohol drinking to be non-normally distributed in wild-type rats (Butler, Karkhanis, Jones, & Weiner, 2016; Etelalahti & Eriksson, 2014; Priddy et al., 2017 . Drinking data were analyzed using the Mann-Whitney U, a nonparametric test that does not require the assumption of normally distributed data. To maximize statistical power, all data were organized by group for the first analysis (Control vs. EAA), and organized by sex (female vs. male) for the second.
Organized in this way, the specific contributions of EAA and biological sex to alcohol drinking became clear. EAA promoted alcohol use initiation ( Figure 5A ). Mean drinking by body weight for Sessions 1-2 was calculated for Control and EAA rats, and in support, a Mann-Whitney U test confirmed the groups originated from different distributions [U ϭ 261.00, p Ͻ .05] (Figure 5B &  C) . Initial alcohol drinking was approximately 34% higher in EAA individuals: 9.84 Ϯ 1.64g/kg/24hrs versus 7.32 Ϯ 1.39g/kg/24hrs in Controls. EAA promotion of alcohol drinking was transient, as mean drinking by body weight was distributed similarly for Control and EAA rats for Sessions 3-8 [U ϭ 369.50, p ϭ .71]. When drinking data were organized by sex, no differences between females and males were found for initial alcohol drinking [U ϭ 356.00, p ϭ .56]: 8.98 Ϯ 1.62g/kg/24hrs in females versus 8.15 Ϯ 1.44g/kg/24hrs in males. However, when distributions were compared for continued drinking in Sessions 3-8, females consumed more alcohol than males ( Figure 5D ). A Mann-Whitney U test confirmed these distributions were derived from different populations [U ϭ 266.50, p Ͻ .05] (Figure 5E & F) . Together, these results reveal that EAA promotes alcohol use initiation across the sexes, but sex moderates continued alcohol use.
Relationship Between Threat Estimation and Alcohol Use Initiation
We were interested in determining if there was a systematic relationship between threat estimation and alcohol use initiation across individuals. To evaluate this, we calculated suppression ratios for the last discrimination session (16), as well as the average of the last 8 discrimination sessions (as in Figure 4 ), for each cue, for each individual. Suppression ratios were plotted against initial alcohol drinking, which was sensitive to EAA. Consistent significant correlations were not observed for any cue for females (supplemental Figure 2) . Correlations were generally not observed in males, save for a significant, positive correlation between fear to the safety cue over the last 8 sessions and initial alcohol drinking [all r's Ͼ 0.43, all p's Ͻ 0.05] (supplemental Figure 3) . Greater fear to safety (but not uncertainty, danger, or safety in Session 16) was associated with greater initial alcohol drinking. Consistent relationships were also not observed when data were organized by group (Control vs. EAA). Thus, capacities for threat estimation did not strongly inform voluntary alcohol drinking.
Discussion
Here we report that biological sex moderates the effect of early adolescent adversity on adult threat estimation. Adversity that was sufficient to inflate threat estimation in females more than 50 days This document is copyrighted by the American Psychological Association or one of its allied publishers.
following the last adverse experience was insufficient to alter threat estimation in males. This was not because the EAA procedure was ineffective in males. EAA slowed adolescent weight gain during and following stressor exposure in both females and males. Furthermore, the effect of EAA to promote alcohol use initiation was present in males as well as females. This is particularly impressive considering alcohol access was given 91 days following the final adverse experience. Of course, footshock had been given more recently, but this experience was consistent across Control and EAA conditions. Finally, the lack of a clear relationship between threat estimation and alcohol use initiation, combined with their differential moderation by biological sex, strongly suggests that EAA separately impacts these behavioral processes. Of course, male threat estimation is unlikely to be impervious to EAA. A previous study from our lab, using the same stress procedure, found inflation of threat estimation in males (although not to the same degree as females in this study; Wright et al., 2015) . In that study, just-weaned adolescent males were shipped to the laboratory, instead of being born in the laboratory. Shipping is a known stressor (Capdevila, Giral, de la Torre, Russell, & Kramer, 2007; Swallow et al., 2005) and likely served as an unintentional stress manipulation between studies. These findings indicate that, compared to females, males may require longer adversity duration, greater experience variety, and/or adversity initiation at an earlier developmental time point to result in inflated threat estimation.
A more widely employed early life stress procedure is maternal separation (Francis, Diorio, Liu, & Meaney, 1999; Kalinichev, Easterling, Plotsky, & Holtzman, 2002) , typically administered from postnatal days 2-14. This is well before the age of independence in rats and may coincide more with infancy, or at least early childhood, in humans. Studies utilizing maternal separation have reported adult enhancement (Diehl et al., 2014; Toda et al., 2014; Xiong, Yang, Wang, Xu, & Mao, 2014) and decrement (Kosten, Lee, & Kim, 2006; Stevenson, Spicer, Mason, & Marsden, 2009; Sun, Tu, Shi, Xue, & Zhao, 2014) of fear related behavior, as well as enhancement or no effect on adult alcohol drinking (Nylander & Roman, 2013) . For fear, and perhaps even more so for alcohol drinking (Nylander & Roman, 2013) , discrepancies in the effect of maternal separation may arise from methodological differences. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The discrepancies may, however, point to the importance of developmental period. Links between childhood adversity and negative health outcomes in adults focus on recall of experiences prior to the age of 13, from childhood to early adolescence. Although imperfect, recalled experiences between these ages inform adult anxiety disorders (Xie et al., 2012) and alcohol abuse (Bennett & Kemper, 1994) . Socioeconomic factors must also be considered in early life stress research, as low socioeconomic status in early life has been linked to negative health outcomes in adulthood (McLean, Morris, Conklin, Jayawickreme, & Foa, 2014; Wickrama, Kwon, Oshri, & Lee, 2014; Ziol-Guest, Duncan, Kalil, & Boyce, 2012) . The effects of early life stress are indeed often confounded by co-occurring detrimental socioeconomic factors (Bouvette-Turcot et al., 2017) . A social factor worth noting in this particular study is the housing condition of the rats. Rats were singly housed postweaning. This was to ensure that effects of adversity were not mitigated by social comfort, and single housing was necessary in adulthood to keep rats food restricted to motivate nose poke behavior in the fear discrimination task. Social isolation in rats can act as a stressor (Lukkes, Engelman, Zelin, Hale, & Lowry, 2012) and may have impacts on neural morphology (Silva-Gómez, Rojas, Juárez, & Flores, 2003) , so this methodological detail may have impacted behavioral outcomes. This is an important factor to consider, as it may influence comparability of these results to other studies of adolescent adversity. Understanding a full range of adverse experiences, throughout development, will be essential to uncovering the full impact of childhood adversity. Our procedure may provide key insight into a critical, yet understudied, developmental period: childhood to early adolescence.
To be sure, the results do not directly inform the link between EAA and psychiatric disease, as we used rodents as subjects. The results, nevertheless, reveal plausible mechanisms by which EAA may increase prevalence of or worsen anxiety disorders and PTSD. Individuals with PTSD show enhanced threat-related processing. For example, individuals with PTSD show greater attentional capture by threatening cues (Naim et al., 2015; Sipos, Bar-Haim, Abend, Adler, & Bliese, 2014) , but show normal capture by arousing, but positive, cues. Most pertinent to the current results, individuals with PTSD have difficulty discriminating safety from danger. Like the EAA females in this study, these individuals show excessive fear to safety and, furthermore, impaired ability to reduce fear to safety when presented in compound with danger (Jovanovic, Kazama, Bachevalier, & Davis, 2012; Jovanovic et al., 2010) . With threat estimation already impaired, EAA individuals would be more vulnerable to anxiety disorders or PTSD following trauma.
Alcohol use following stress or trauma is often described as attempts at self-medication (Colder, 2001 ). This may be a plausible mechanism for comorbid alcohol use disorder and anxiety disorders (Blanco et al., 2013; Lipsky et al., 2016; Petrakis et al., 2011) . However, given the strong comorbidity, other mechanisms must be at play. In the current study, alcohol drinking was assessed more than 3 months following the end of EAA, making it unlikely that rats were drinking in order to alleviate stress. EAA, regardless of sex, showed greater initiation of alcohol drinking. A more plausible mechanism for enhanced alcohol use initiation may be altered alcohol processing by reward circuits. For example, social defeat stress augments cocaine self-administration via alterations to dopamine systems (Boyson et al., 2014; Burke, DeBold, & Miczek, 2016; Yap et al., 2015) . By gaining access to reward circuits, alcohol use may be initiated earlier, speeding the transition from voluntary drinking to alcohol use disorder (Grant & Dawson, 1997) .
Our results beg the question of the specific neural systems impacted by EAA, leading to long-term effects. It is possible that normal development of neural systems that are still maturing at the time of EAA could be disrupted, but studies of neural development tend to focus on pre-weaning periods (Gross et al., 2002; Rood et al., 2014; Semple, Blomgren, Gimlin, Ferriero, & NobleHaeusslein, 2013) . While neural circuits are in place at the time of EAA, receptor and ion channel expression is still changing and will ultimately determine the function of these systems (Andersen, 2003; Semple et al., 2013) . The serotonin system undergoes considerable change from birth to weaning, but functioning of this system at P21 is not yet at adult levels, suggesting alterations in the serotonin system coincide with the window of EAA (P26 -P35; Gross et al., 2002; Rood et al., 2014; Talley & Bayliss, 2000) . The dopamine system, particularly dopamine receptor expression, is also altered during and following the window of the EAA manipulation (Andersen, 2003; Gelbard, Teicher, Faedda, & Baldessarini, 1989; Tarazi & Baldessarini, 2000) . The prefrontal cortex, which is highly involved in fear circuitry, is also structurally maturing in this period (Andersen, 2003; Semple et al., 2013) . While the results of this study cannot speak to alterations in brain development, future studies will examine the neural systems targeted by EAA to alter adult threat estimation and alcohol use initiation.
There is growing recognition that biological sex is a strong determinant of fear and threat-related behavior (Gruene, Flick, Stefano, Shea, & Shansky, 2015; Gruene, Roberts, Thomas, Ronzio, & Shansky, 2015; Lebron-Milad & Milad, 2012) . The present results support and extend this view, revealing biological sex as a critical factor moderating the relationship between EAA and adult threat estimation. These results may aid in understanding the higher incidence of anxiety symptoms and PTSD in females compared to males (Giannopoulou et al., 2006; Tolin & Foa, 2006; Udwin et al., 2000) . The results also reveal that, within an individual, stress may have independent effects on systems for threat estimation and alcohol use initiation. Consideration of biological sex, as well as the specific, health-relevant behavior, will be essential for a complete understanding of adult dysfunction resulting from early adolescent adversity.
